Periodontitis affects the supportive tissues of the teeth (gingiva, cementum, periodontal ligament, and alveolar bone). It affects ϳ85% of the population to various degrees (1) and can have severe systemic complications (2) . Periodontitis can be considered to result from an imbalance between destruction and repair of periodontal tissues, triggered by bacteria present in periodontal pockets and possibly aggravated by systemic disorders. In fact, the bulk of tissue destruction is caused by host responses to oral bacteria (3, 4) : host cells (both resident and recruited from blood) release enzymes and cytokines in response to bacterial products.
For decades the treatment of periodontitis has been mainly surgical, but better knowledge of the biological mechanisms responsible for periodontium destruction is leading to an increasing number of medical approaches. Agents potentially active on the inflammatory components of the disease have been assessed in various animal models and in the clinical setting. Anti-inflammatory drugs are particularly effective in controlling tissue destruction (5) (6) (7) . Cyclines, both with and without antibacterial properties, have been successfully tested for their anti-metalloproteinase actions (8, 9) . However, these agents do not reverse bone destruction.
In previous work, we found that a family of compounds designed as mimetics of heparan sulfates toward heparin binding growth factors (HBGF) in vitro could stimulate tissue repair in vivo. These compounds were designated RGTA, for regenerating agents. Their healing activity was explained by a protective action on HBGF and an increase in HBGF bioavailability (10 -12) . In addition to their repair activity in craniotomy wounds, we observed a modification of the kinetics of inflammation (13) . This was in keeping with in vitro observations that RGTA inhibited plasmin and neutrophil elastase activity (14, 15) . As periodontitis is a disease in which comprehensive treatment should ideally combine control of inflammation and periodontal destruction with tissue repair promotion, we examined the effects of systemic administration of an RGTA (RGTA1507) in a highly reproducible hamster model of periodontitis.
MATERIALS AND METHODS

RGTA synthesis
The RGTA used in this study was a carboxymethyl sulfate dextran prepared from a native T40 dextran (40 kDa; Pharmacia Fine Chemicals, Uppsala, Sweden) obtained as described previously (15) . Sequential substitutions on any of the three hydroxylic groups (mainly in position 2) of the glucose residues of the dextran were carboxymethylations, followed by sulfation. The purified derivatized dextran was ultrafiltered and its chemical composition was determined by microanalysis, spectrophotometry, and proton nuclear magnetic resonance. With the RG1503 used in this study, the percentage of hydroxyl groups per glucose residue-bearing substitutions was 26% for methylcarboxylic acid and 74% for sulfate groups. This compound was selected because of its low anticomplement activity, its very low anticoagulant activity (4 IU/mg), and its ability to mimic in vitro interactions between heparin or heparan-sulfate proteoglycans and FGF-1 (11) or TGF-␤ (16).
Dose-effect study
Sixty male 6-wk-old golden hamsters (Centre d'élevage Dépré, St. Doulchard, France) were used in compliance with European Union recommendations on laboratory animal care. Food and water were given ad libitum. Ten animals randomly selected as controls at the start of the experiment received a standard rodent diet (U.A.R., Villemoisson, France) throughout the 12 wk experimental period. The other animals were given the high-carbohydrate Keyes 2000 diet (U.A.R., France) throughout the 12 wk to enhance bacterial plaque accumulation, thereby inducing periodontitis. Eight weeks later, the 50 hamsters with periodontitis were separated into five equal groups. One group received weekly intramuscular (i.m.) injections of saline for 4 wk (sham-treated group). The other groups were given one i.m. injection per week of RGTA in saline in a dose of 100 g/kg (group D1), 400 g/kg (group D2), 1.5 mg/kg (group D3), or 15 mg/kg (group D4). At the end of the 12 wk, five animals per group received an intraperitoneal (i.p.) injection of bromodeoxyuridine (BrdU) (60 mg/kg) (Sigma, St. Louis, MO, USA) and were killed 2 h later for assessment of cell proliferation. The animals were anesthetized with 8% chloral hydrate and exsanguinated by cardiac puncture through a thoracostomy.
Histological studies
The right mandibles of the killed animals were immediately removed, immersed for 24 h in cold (4°C) 40% ethanol, gradually dehydrated, embedded without prior demineralization in methyl methacrylate (Merck, Darmstadt, Germany), and polymerized at Ϫ20°C for 48 h. The blocks were coded to allow blind quantification and were processed for sectioning in a Polycut E microtome (Leica, Wetzlar, Germany). Serial 4 -thick sections were cut horizontally, i.e., perpendicularly to the molar root axis. The sections were sequentially stained with toluidine blue (pH 3.8) or processed for enzymohistochemistry (tartrate-resistant acid phosphatase [TRAP] and alkaline phosphatase, [ALP]) or immunohistochemistry (type III collagen and BrdU). TRAP, a marker of preosteoclasts and osteoclasts in the bone environment, was detected using hexazotised pararosanilin and naphthol ASTR phosphate. Nonosteoclastic acid phosphatase activity was inhibited by 50 mM L(ϩ)-tartaric acid. Sections were lightly counterstained with toluidine blue (pH 3.8). ALP was detected by incubating the sections with naphthol ASTR phosphate and fast blue RR (pH 9). ALP was used to reveal osteogenic cells (preosteoblasts and osteoblasts). The fibrous component of the gingival connective tissue was stained by ALP. For type III collagen immunochemistry, the sections were decalcified (0.4 M EDTA) and treated with 0.05% pronase E (protease type XXV, Sigma). They were incubated first with a rabbit anti-rat polyclonal antibody (AB757, Chemicon International, Temecula, CA, USA) (dilution 1:50), with a secondary biotinylated antibody (goat anti-rabbit IgG) (Vector, Burlingame, CA, USA), and an avidin-biotin peroxidase complex (ABC Vectastain kit, Vector). Diaminobenzidine tetrahydrochloride (Sigma) was the chromogen. The sections were lightly counterstained with toluidine blue (pH 3.8). Negative controls were prepared using three methods: omission of the primary antibody, replacement of the primary antibody by rabbit nonimmune serum at the same dilution, and use of an irrelevant secondary antibody (horse antimouse IgG instead of goat anti-rabbit IgG). To reveal BrdU, the sections were treated first with 0.1% trypsin (Sigma), then with 2 M HCl to denature the DNA. After incubation with normal horse serum (Vector), the anti-BrdU antibody (Sigma) (1:1000) was applied, followed by the secondary antibody (horse antimouse IgG, Vector) (1:200). The subsequent steps and negative controls were as described above. A light toluidine blue counterstain was used.
Macroscopic bone measurements
52 6-wk-old hamsters were divided into three groups. Twelve animals were used as controls; the other 40 were given the Keyes 2000 diet throughout the 16 wk experimental period. After disease induction (8 wk), 20 animals were sham-treated and 20 received weekly RGTA injections (1.5 mg·kg -1 ·wk -1 ) for 8 wk. Two fluorescent dies were injected i.p.: 1) calcein (30 mg/kg in saline containing 2% NaHCO 3 , Sigma) 8 days before killing and 2) demeclocyclin (30 mg/kg in saline, Sigma) 24 h before. The dies incorporated to calcifying bone matrix. When exposed to UV light, calcein was revealed in green and demeclocycline in yellow. The mandibles of these animals were processed as described previously.
After gingiva sampling, the maxilla were defleshed. The lingual aspect of the first molar was oriented under a Tessovar Photomacrographic Zoom System (Zeiss, Oberkochen, Germany) and photographed (magnification ϫ50). The cementenamel junction and the alveolar bone crest were drawn on the photographs. These lines were joined at the distal and mesial aspects of the teeth, respectively. The area thus delimited, which gave an estimate of macroscopic bone loss, was measured.
Gelatinolytic activities
Immediately after the death of the animals, the gingiva surrounding the right and left maxillary molars was gently dissected out, transferred to Hank's balanced salt solution complemented with 1.5 mmol/L Ca 2ϩ (Life Technologies, Stafford, TX, USA), and incubated at 37°C. The culture medium was sampled after 48 and 72 h and frozen (Ϫ20°C) until zymography. Gelatinases A (MMP-2) and B (MMP-9) were identified using 0.1% SDS polyacrylamide gels impregnated with 1 mg/mL type I gelatin. Protein standards were analyzed in parallel to determine the molecular weights of the lysis bands. To assign these bands to a proteinase class, the following reagents (all from Sigma) were added to the incubation buffer to inhibit protease migration: EDTA (15 mmol/L) or phenanthrolene (15 mmol/L) for metalloproteinases, phenylmethylsulfonyl fluoride (PMSF, 2 mmol/L) or 4-(2-aminoethyl)-benzene-sulfonyl fluoride, hydrochloride (Pefablock, 2 mmol/L) for serine proteinases, and N-ethylmaleimide (2 mmol/L) for cysteine proteinases. The stained polyacrylamide gels were recorded with a video camera. The average area Ar (expressed in pixels) of lysis bands was measured semiautomatically by following its contour. The black and white images generated by the camera were converted to images in 256 shades of gray and analyzed using mathematical morphology software. Complete digestion of the substrate corresponded to gray level (gl) 255, and the absence of hydrolysis corresponded to gl 0. Enzyme activity was expressed in gelatinase activity units (GAU): GAU ϭ Ar.gl.
Statistical analysis
Data were compared using nonparametric tests (KruskalWallis test followed, if significant, by group comparisons with the Mann-Whitney U test). Differences were considered significant when P values were below 0.05. Data are given as means Ϯ se.
RESULTS
RGTA 1503 was well tolerated in all the doses and durations used in this study. Among the animals with periodontitis, the RGTA-treated animals did not differ from the sham-treated animals in physical health, behavior, or other studied parameters. No manifestations of periodontitis were seen in the healthy controls fed a normal diet.
RGTA induces dose-dependent gingival restoration (Table 1)
Pocket formation around the first molar was a consistent feature in the animals with periodontitis. Abundant bacterial plaque accumulated over the roots and filled the pockets, which were lined by pocket epithelium (PE) and populated by migrating polymorphonuclear leukocytes (PMN). Wide spaces separated the epithelial cells. Epithelial ridges extended deep within the underlying connective tissue, and connective projections were seen within the epithelium (Fig. 1a) . A zone of inflamed connective tissue (ICT) was visible immediately under the PE. This ICT was characterized by a paucity of fibers, an abundance of blood vessels, and PMN migration toward the pocket lumen (Fig. 1a) . Periodontitis also affected alkaline phosphatase (ALP) content of the gingival connective tissue (Fig. 2a) , which consistently expresses ALP (17) .
RGTA-treated animals had milder manifestations despite persistent bacterial plaque. The PE was thicker and had narrower intercellular spaces than in the sham-treated animals. The ICT was less abundant, and the pocket tissues contained fewer PMNs (Fig. 1b) . The epithelial ridges within the connective tissue were less numerous (Fig. 1b) . The noninflamed connective tissue between the pocket and the alveolar bone was more fibrous. ALP expression in the gingival connective tissue was restored (Fig. 2b) . Although the total pocket surface area (PE ϩ ICT) was similar in the two periodontitis groups (Table 1) , the ratio of the two tissues was modified by RGTA treatment, with a significant increase of ϳ40% in groups D1, D2, and D3 compared with the sham-treated group. This increase was offset by a significant decrease in ICT in the RGTA-treated groups. Type III collagen was strongly expressed in the gingival connective tissue from the healthy controls (Fig. 1c) . In the sham-treated animals (Fig. 1d) , weak and diffuse immunostaining in the gingival connective tissue contrasted with strong immunostaining in healthy areas of the mandible, indicating that weak gingival staining reflected paucity of collagen fibers. Some immunostaining was found along the PE basement membrane. In RGTA-treated animals (Fig. 1e) , the staining was stronger along the basement membranes of the PE and vessels, as well as in the connective tissue. No immunostaining was seen in the osteoid tissue or osteoblasts. None of the procedures used showed staining in the negative control sections. In the sham-treated animals ( Fig. 1f) , there were few proliferating cells (most of which were in the PE), as shown by BrdU incorporation and immunostaining. No immunopositive cells were seen near the bone. In RGTAtreated animals (Fig. 1g) , cell proliferation was increased in the PE, mainly along the basement membrane but also within the epithelium. Immunostained cells were seldom observed in the gingival tissue or along the alveolar bone. No immunostaining was seen in any of the negative control sections. BrdU ϩ cell counts in the PE increased with all RGTA doses ( Table   1) (PϽ0.0005) ; the BrdU-positive cell count in the D3 group differed significantly (PϽ0.001) from those in the other three dose groups.
RG1503 induced dose-dependent protection of bone metabolism (Table 2)
In the healthy control animals, bone formation predominated in the reference bone segment (57% on average) and no resorption was found. In the shamtreated animals, a significant part of the reference bone segment showed resorption, whereas formation was seldom observed. RGTA had no effect on bone status in groups D1 and D2. In contrast, the two higher RGTA doses improved bone status, D3 (1.5 mg·kg -1 ·wk -1 ) more than D4. Compared with the sham-treated group, the resorption surface was reduced by 65% (PϽ0.0005) in group D3 and by 27% (PϽ0.005) in group D4; the two treatment groups differed significantly in this respect (PϽ0.005). The number of osteoclasts was reduced by 49% (PϽ0.0005) in group D3. The number of TRAP ϩ preosteoclasts located near the bone surface was reduced markedly in group D3 (Ϫ61%, PϽ0.0005 vs. the sham-treated group) and more moderately in group D4 (Ϫ31%; PϽ0.001); the two groups differed significantly in this respect (PϽ0.05). In group D3, there was a 2.25-fold increase in the surface area of newly formed bone (PϽ0.0005 vs. the sham group), although this parameter remained lower than in the healthy control group (PϽ0.005). The D4 dose had no effect on this parameter, so that the D3 and D4 groups differed significantly (PϽ0.05). The disease did not modify the thickness of the layer of osteogenic ALP ϩ cells covering the bone surface. RGTA treatment nearly doubled the thickness of this ALP ϩ layer in group D3 (PϽ0.0002 compared with the sham-treated animals with periodontitis) and produced more modest thickening in group D4 (ϩ41%, PϽ0.01 vs. the same group) (Fig. 2) . We further assessed the effect of RGTA on bone formation by obtaining planimetry measurements of defleshed maxillae prepared after 8 wk of RGTA treatment with dose D3 (Fig. 3) . Mean bone loss over the maxillary first molar was 0.96 Ϯ 0.02 mm 2 in the controls and 1.34 Ϯ 0.08 mm 2 in the sham-treated animals (PϽ0.0001). In the RGTA-treated animals, macroscopic bone loss was similar to that in the controls (1.02Ϯ0.03 mm 2 ). The sham-and RGTA-treated groups differed significantly in this respect (PϽ0.001). Bone growth was intense in RGTA-treated animals (Fig. 3) .
RGTA alters gingival gelatinase activities
The effects of RGTA on gingival gelatinase activities were evaluated by zymography of culture medium conditioned by gingival explants (Fig 4, top) . After 48 h of culturing, control gingival explants generated gela- tinolytic activities seen as bands at 62 kDa (progelatinase A, proMMP-2), 58 kDa (gelatinase A, matrix metalloproteinase-2 [MMP-2], and 102 kDa (progelatinase B, proMMP-9). The intensities of these bands were increased considerably with conditioned media from sham-treated animals and, to a lesser extent, from RGTA-treated animals. All activities were suppressed by supplementing the incubation buffer with EDTA (15 mmol/L); none were affected by Pefablock (2 mmol/L) or N-ethylmaleimide (2 mmol/L). Gelatinolytic activities were normalized to tissue weight (Fig. 4,  bottom) . In 48 h cultures, gelatinolytic activity in the control group was 39 ϫ 10 5 GAU of proMMP-2, 16 ϫ 10 5 GAU of MMP-2, and 17 ϫ 10 5 GAU of proMMP-9. MMP-9 activity was below the detection limit. In the sham-treated animals, all gelatinolytic activities were significantly higher than in the control group. The active form of MMP-9 remained undetectable in the sham group. RG1503 1.5 mg·kg -1 ·wk -1 strongly reduced proMMP-2 (Ϫ46.5%, PϽ0.001) and proMMP-9 (Ϫ50%, PϽ0.05) activities. No change was found in the 58 kDa activated form of MMP-2. The same profile of gelatinase activities was obtained in 72 h cultures (not shown).
DISCUSSION
The results presented above indicate that RG1503 had beneficial effects in the gingiva and bone in this model of periodontitis. Whereas periodontitis increases bone resorption and depresses bone formation (18), RG1503 had the opposite effects. The doses at which RG1503 was active varied across tissue compartments. RGTA improved gingival inflammation over a wide dose range, starting at the lowest dose used. In contrast, the greatest effect on bone was seen with the 1.5 mg·kg -1 · wk -1 dose (D3), so that the dose-effect curve had the same narrow bell shape found previously when RGTA was applied in microgram-amounts directly into skull defects (19) . We showed that systemic administration of RGTA was as effective as local administration in enhancing regeneration of crushed muscle (20, 21) . RGTA is analogous to heparan sulfates; intramuscular or intravenous injections of 3 H-labeled RGTA were followed by selective accumulation of radioactivity at injured sites (20) , an effect reported with 3 H-heparin (22) . Similar to heparan sulfates, RGTAs attach to the heparin binding sites of various ECM proteins exposed after heparan degradation by heparanase activated by tissue injury (23) . However, RGTAs share with other dextran derivatives a lack of susceptibility to heparanase. When bound to ECM proteins, RGTAs probably protect these proteins against degradation and may neutralize molecules responsible for tissue destruction (14, 15) . ECM-bound RGTA most likely binds to and protects HBGF. By a mechanism of simple competition, excess RGTA may remain unbound to the ECM and exit the tissue to the bloodstream, removing HBGF from its presumed natural storage sites and thereby delaying the healing process. This may explain the narrow bell shape of the dose-effect curve of RGTA. Increasing the duration of treatment (to 8 wk) with the most effective dose of RGTA returned the alveolar processes to a state very similar to that seen in the healthy controls, a remarkable finding given that the animals were fed the high-carbohydrate diet through- 
a These parameters were measured on the periosteal aspect of the lingual cortex between the first and second molars, at constant magnification (ϫ250). TRAP: tartrate-resistant acid phosphatase, ALP: alkaline phosphatase.
† P Ͻ 0.001 vs. the control group. * P Ͻ 0.005, ** P Ͻ 0.001, *** P Ͻ 0.0005, **** P Ͻ 0.0002 vs. the sham-treated periodontitis group.
ϩ P Ͻ 0.05, ϩϩ P Ͻ 0.005, ϩϩϩ P Ͻ 0.001 vs. the D3 group. (19, 21, 24) .
RGTA affected gingival inflammation. Although the surface area of pocket tissues was not modified by RGTA, the ratio between these tissues was changed. Thickening of the PE, which reflects epithelial cell proliferation, and narrowing of intercellular spaces indicate strengthening of the epithelial barrier. Given that epithelial cells are the first barrier against pocket bacteria and their products (25) , it is reasonable to assume that this effect protects the underlying tissues. The epithelial proliferative response noted in our study is in line with previous reports that RGTA enhanced epithelial cell proliferation and migration and accelerated wound closure in models of cutaneous and corneal ulcer repair (26, 27) . The concomitant reduction in ICT in our study was another indicator of gingival repair. The deposition of a thick layer of type III collagen under the PE basement membrane probably helped to stabilize the epithelial junction by anchoring the basal cells more firmly to their basement membrane. Members of the RGTA family have been shown to modulate collagen synthesis in vitro. Collagen production impaired by culturing or irradiation was completely corrected by RG1503, via an effect related to TGF␤1 distribution (16, 28, 29) . In vivo, RGTA enhanced deposition of types I and III collagen within the provisional matrix that filled craniotomy defects before the onset of bone formation (30) . The increased production of type III collagen in noninflamed connective tissue and the expression of ALP in gingival connective tissue were further evidence of gingival restructuring. The reduction in PMN recruitment may indicate that RGTA influenced the chemotactic gradient governing PMN migration toward plaque bacteria. We previously Bone loss is extensive, particularly at the distal root of the tooth (white arrow). The bone crest is irregular, and there are through and through (class III) furca lesions (black arrows), which indicate advanced disease. Note the carious lesion on the distal aspect of the tooth, a cofactor in bacteria accumulation. c) Bone loss is minimal, resembling that in controls, but the crest contour is somewhat irregular. Kinetics of new bone deposition (assessed by fluorescent labelings). It was spatially appreciated by viewing 3 sections, 40 m apart, from pocket bottom to bone crest. d) Sham-treated periodontitis hamster. At each level some bone formation occurred. However it was sparse and of low extent (the labels were localized) and of short duration (absence of double labeling). e) RGTA-treated animal. Bone formation was extensive. Bottom: reparative bone formation was located on periosteal aspect of the cortex. The first label (green) was large, sign of a strong reaction, in contrast the second label (yellow) was thin, indicating a comparatively weak formative reaction at the time of injection. Center: the two labels were wide showing a strong reaction lasting during the interval between the dye injections (7 days). The amount of bone matrix mineralizing at each time point was great. Top: the amount of mineralizing matrix was low 8 days before death. In contrast, the day before death, it was considerable. These data demonstrate that the alveolar bone destroyed at a former time is progressively restored from the base of the pocket. Its growth is rapid (width of the labels) and continuous, suggesting a long-lasting effect of the treatment. The abundance of bone formed is congruent with alveolar bone macroscopic aspect.
found that RGTA treatment reduced PMN recruitment to craniotomy defects and shortened the acute phase of inflammation (J. L. Saffar, unpublished results). The reduced PMN migration may have contributed to gingival restructuring, given that PMNs cause damage to periodontal tissues as they migrate toward the pocket. RGTA has anti-inflammatory properties, exerted through inhibition of plasmin and neutrophil elastase activity (14, 15) . Our study extends the anti-inflammatory repertoire of RGTA to MMP activity: we found that RGTA had a strong effect on gelatinase activities in inflamed gingival tissue. MMP-2, known to contribute to periodontal tissue destruction (31), was found in both its inactivated and active forms, whereas MMP-9 was detected with our assay only in its inactive form (proMMP-9), regardless of gingival status. RGTA treatment reduced the amount of proMMP-2 but did not influence the amount of its active form. RGTA may influence the expression and/or secretion of MMP-2, which is secreted as a proenzyme (32) . The concomitant decrease in proMMP-9 in the treated animals suggests that RGTA may similarly target the expression and/or secretion of this proenzyme. RGTA may enhance the release of TIMP, inactivating gelatinase A and B pro-forms. Periodontitis is characterized by a 60 -70% decrease in gingival collagen (33) . Fibrillar collagens are mainly degraded by collagenases belonging to the MMP family (34), particularly collagenase 1 (MMP-1) and PMN-type collagenase (MMP-8). MMP-2 has strong collagenolytic effects: in vivo, overexpression and activation of MMP-2 result in marked degradation of skin fibrillar collagen, particularly type III collagen (35) . In this study, the decrease in MMP-2 after RGTA treatment fits in well with the increased type III collagen content and with the morphological fibrillar restructuring of gingival connective tissue. MMP-2 has been shown to influence epithelial cell migration (36) , playing a pivotal role in PE proliferation and migration along dental roots. In keeping with these properties, strong MMP-2 expression has been found in areas of inflamed PE with local invasion of underlying connective tissue (37) . The reduced MMP-2 expression after RGTA treatment in our study is congruent with the decrease in PE ridges.
The gingival improvement was associated with a reduction in alveolar bone resorption. After 1 month of RGTA treatment, the number of osteoclasts destroying alveolar bone was cut by half, indicating a potent effect on osteoclast differentiation. This was related to a reduction in TRAPϩ preosteoclasts, indicating an impairment of either recruitment from the circulation or differentiation of these cells. This is in keeping with our previous finding of modified osteoclast resorption at the edges of craniotomy defects (13) . Also relevant is that MMP-2 and MMP-9 are involved in bone resorption and that MMP inhibitors reduce bone resorption (37) .
Restoring the coupling between bone formation and bone resorption is essential to improve the bone lesions associated with periodontitis. In our study, the same doses of RGTA enhanced bone formation and inhibited bone resorption. RGTA increased the extent of bone formation and thickened the osteogenic layer, reflecting a potent action on osteogenic cells. In models of bone healing, RGTA strongly enhanced osteoblast proliferation and phenotype expression (19, 30, 38) . The absence of BrdU ϩ cells along the bone surface suggests that osteogenic cell proliferation was an early effect of RGTA treatment. In the craniotomy model, the formation of a dense network of type III collagen is concomitant of osteogenic cell differentiation (30) . The increase in type III collagen content of adjacent gingival tissue in our study is noteworthy in this respect. The marked recruitment of osteoprogenitor cells explained the dramatic gain in maxillary alveolar bone in the animals treated for 2 months. These data strongly suggest that RGTA treatment induced a two-phase reaction. The first phase was suppression of gingival inflammation and induction of tissue restructuring and of osteoprogenitor cell recruitment and proliferation over the formerly destroyed bone. In the second phase, RGTA enhanced restoration of destroyed bone via expression of the phenotype of recruited osteoprogenitor cells. As analogs of heparan sulfate proteoglycans, RGTA may interact with a variety of heparin binding molecules of the ECM or released in the tissues. These interactions may neutralize molecules responsible for tissue destruction, and/or enhance the expression of healing promoters. The exact mechanisms of action as well as the structure-activity relationships of RGTA would need to be more explicated, but this in vivo model is too tedious to screen the most efficient structures. In a previous study we had already shown that both sulfate and carboxymethyl groups were required for biological activities. Indeed, in craniotomy defects in which RGTA strongly enhanced bone formation, bone healing did not occur when nonsulfated carboxymethyl dextran or dextran sulfate were used (39) . Another limiting factor was the size of the polymer, since a 10 kDa dextran adequately substituted was ineffective in inducing bone formation. In conclusion, the effects of RGTA in this hamster model of periodontitis hold promise for the development of therapeutic agents capable of enhancing protection and repair of periodontal tissues damaged by periodontal pathogens.
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